emission factors associated with producing per unit of crop and livestock products and the effects of the economic development on GHG emissions per unit of crop and animal product from 1991 to 2016.
MATERIALS AND METHODS
The present study was to evaluate GHG emissions using the life cycle assessment (LCA) technique within farm gate for three contrasting agricultural production systems in Gansu Province of China. The CH4 and N2O emission data were converted into CO2 equivalent (CO2-eq) using their Global Warming Potential (GWP), with GWP of 25 for CH4 and 298 for N2O. The data used to calculate GHG emissions were from official records, farm survey data and published literature. Agricultural production systems in Gansu province: Gansu Province locates in Northwest China (92°13′-108°46′E, 32°31′-42°57′N and Figure 1 ) and covers an area 42.58×10 8 hectare with 1655 km long from east to west and 530 km wide from south to north (Li and Wang, 2010) . There are significant differences in agricultural production conditions within the Province, e.g., climate (e. g. temperature, rainfall), landscape and soil type, thus agricultural production in the Province is divided geographically into four contrasting systems ( Figure 1 ): Loess Plateau in north, Hexi Oasis in far northwest, Qinling Bashan Mountains in south and Tibet Plateau in southwest. Livestock production is the dominant agricultural activities in the Tibet Plateau region which is significantly different from the other regions where the integrated systems of crop and livestock production are in practice, therefore the Tibet Plateau is excluded from the present study. There exist considerable differences in natural and climatic conditions in the three regions (Table 1 ). The Hexi Oasis has a rich underground water source for irrigation which enables a high input/output crop production. This region is also in favour of livestock production (cattle, sheep, pig and chicken) due to rich feed and water sources. However, crop production in the Loess Plateau mainly depends on natural rainfall which causes a large yearly variation in farm inputs and crop yields. Due to the uncertainty of feed supply, this area is mainly in practice of traditional livestock production. The Qinling Bashan Mountains is the only moist subtropical area in Gansu Province, but the lack of cultivated land is the main limited factor for agricultural activities in this region where farmland is located in both sides of valleys and on the top of flat Mountains areas. This region is the main production base for Chinese herbal medicine.
Figure1. Location of the fifteen counties in the three
regions in Gansu Province of China selected for the present studies.
To facilitate comparison in GHG emissions from crop and livestock production among Loess Plateau, Hexi Oasis and Qinling Bashan Mountains, five typical counties were selected from each region to represent the regional average condition ( Figure 1) and published literature. The farm surveys were undertaken from 2006 to 2016 with data repeatedly collected from the same 525 farms per year using a face-to-face questionnaire method in the 15 counties (5 counties/region and 35 farms/county) selected for the present study. The five counties in each region were selected from statistical records to give an equidistant systematic sampling. These surveys were conducted by trained PhD and MSc students on a yearly basis during the period of October to December from 2006 to 2016. These students went to individual farms and interviewed a representative of each farm to obtain answers to all questions listed in the questionnaire. The questionnaire was designed to collect information in crop and livestock production. The information collected for crop production included: crop type, sowing area for each crop, production for each crop, seed source and amount of seeds used, type and rate of fertilizers used in different growth period, type and rate of pesticide used, fuel consumption for production (ploughing, tillage, transportation, harvesting and packaging), amount of plastic film, farm machine (type, life and working hours), electricity consumption for irrigation, yield of crop product. The information for livestock production collected through the farm survey included: species, livestock population, age, weight, yields of carcass weight, milk and egg, feed resources and feed consumption. The water content of crop product was collected in the published paper (Cheng, 2014) . The official statistical data in each county were collected from the Gansu Yearbooks from 1992 to 2009 (EBGY, 1992 (EBGY, -2009 ), Gansu Development Yearbooks from 2010 to 2017 (EBGDY, 2010 (EBGDY, -2017 , Gansu Rural Economy Yearbooks from 1992 to 2000 (EBGREY, 1992 (EBGREY, -2000 and Gansu Rural Yearbooks from 2001 to 2017 (EBGRY, 2001 (EBGRY, -2017 . Crops collected from these Yearbooks included food crops (wheat, rice, maize, sorghum, millet, pros millet, soybean and potato) and economical crops (cotton, flaxseed, rapeseed, sunflower seed, hemp, beet, tobacco leaf, angelica and codonopsis pilosula). Livestock included pig, broiler, laying hen, beef cattle, dairy cattle and sheep. The information collected included rural human population, crop type, crop production area, crop productivity, farm inputs (e. g. fertilizers, pesticides, plastic film, diesel, and electricity), livestock breeding stock, slaughter numbers, feeds, carcass weight, and milk and egg production. The price indices for farm products from 1991 to 2016 were collected from Gansu Yearbook from 1992 to 2009 (EBGY, 1992 (EBGY, -2009 ), Gansu Development Yearbook for farm from 2010 to 2017 (EBGDY, 2010 (EBGDY, -2017 and Price Yearbook of China from 1992 to 2017 (EDPYC, 1992 (EDPYC, -2017 . Calculation of GHG emissions from crop production: The official statistical yearbooks only presented information in total yearly usage of fertilizers, pesticides, plastic film, diesel and electricity in each county but no data were given for each crop in each county. Therefore, the allocation coefficients for these farm inputs were calculated using the data from the farm survey. For example, the allocation coefficients for yearly usage of fertilizers for a county were estimated using equation (1).
(1)
Where, Fac, i represent allocation coefficient (0<Fac<=1), crop number from spring wheat to codonopsis pilosula (spring wheat, winter, wheat, rice, maize, sorghum, millet, pros millet, soybean, potato, cotton, flaxseed, rapeseed, sunflower seed, hemp, beet, tobacco leaf, angelica and codonopsis pilosula), respectively; Tyf, TCLy, TCAy, CLy(i) represent total usage of fertilizer (kg/y), total cropland area (ha), total cultivated land (ha), cropland area of each crop (ha) collected from the official yearbooks, respectively; Csn(i), Csp(i), Csk(i) , Cso(i) represent the usage of N, P, K and other fertilizers from the survey data (kg/ha), respectively. The GHG emissions for each category of crop using the LCA technique were estimated using the following equation (2). (2) Where, CEcroprepresents the GHG emissions from crop production (kg CO2-eq/kg DM); AIs represents quantities of seed DM (kg/ha);AIf, AIp, AIie, AIpm, AIdc represent the individual farm inputs from fertilizers, pesticides (kg/ha), electricity consumption for irrigation (kWh/ha), plastic films (kg/ha) and diesel consumption for farm machine (L/ha), respectively. Farm inputs of fertilizers, pesticide, electricity consumption, plastic film and diesel consumption were estimated using farmer survey data multiplied by Fac, respectively;EFs, EFf, EFp, EFpm, EFie, EFdcrepresent the emission factors from production of seed (kg/kg), fertilizer (kg/kg), pesticide (kg/kg), plastic film (kg/kg), electricity (kg/kWh) and diesel (kg/L) ( Table 2 ), respectively;CYDM represents the DM yield of crop. In particular, RECH4 only represents the methane emissions from paddy field calculated using the following equation (3).
Where, RECH4,Arear, Dater, EFr represent the GHG emissions from paddy field (CO2-eq/ha), harvested area of rice (ha), cultivation period (days), emission factors (Table 2) , respectively. In Gansu Province of China, there is little extra cost (e.g., no requirement for cleaning and packaging) for crop seeds before sale. Therefore, we assumed that the GHG emission factor for seed production was equal to that for grain production. The GHG emissions from seed production per kg of DM are calculated using equation (4). (4) Where, EFs, EFf, EFp, EFpm, EFie, EFdcrepresent the emission factors from production of seed (kg/kg), fertilizer
AI EF AI EF AI EF AI EF AI EF
(kg/kg), pesticide (kg/kg), plastic film (kg/kg), electricity (kg/kWh) and diesel (kg/L). AIf, AIp, AIie, AIpm, AIdc, AIs, RECH4 represent the individual farm inputs from fertilizers, pesticides (kg/ha), electricity consumption for irrigation (kWh/ha), plastic films (kg/ha), diesel consumption for farm machine (L/ha) and the GHG emissions from paddy field (CO2-eq/ha), respectively. CYDM represents the DM yield of crop (kg/ha).
Calculation of GHG emissions from livestock production:
The yearly GHG emissions for each livestock species were calculated using the equation (5), which were from four sources: feed production, feed processing, enteric fermentation and manure management.
Where, CElivestock represents total GHG emissions of livestock (kg CO2-eq/ kg CW, milk or egg), TC2Ofeed, TCH4Enteric, TCH4Manure, TN2OManure, LivestockYield represent the GHG emissions (kg CO2-eq/year) from feed production, feed processing, ruminant enteric fermentation and manure management, total yield for each livestock species (kg CW, milk or egg/year), respectively. The grains used for animal feedstuff in China are mainly maize, soybean and wheat (Xieet al., 2009; Menget al., 2014) . The GHG emissions from feed production and processing are calculated using equation (6). Zhou et al. (2007) .
Where, TC2Ofeed and Qi, represent total GHG emissions from feed production and processing (kg), the annual yield of livestock products (kg CW, milk or egg), respectively; ti represents the coefficient of feed consumption for livestock from 1991 to 2016 (SBS, 1992 (SBS, -2017 . The qij represents the allocation proportion of feedstuff. The allocation proportion of maize in feedstuff for pig, beef cattle, dairy cattle, sheep, broiler and laying hen in China were 55.7%, 37.0%, 46.8%, 62.6%, 57.0%, 63.3%, respectively (Meng et al., 2014) . The allocation proportion of wheat used only for broilers was 5% (Meng et al., 2014) . The efj1 represents GHG emission coefficient of crop production (kg CO2-eq/kg) calculated in the present study. The efj2 represents GHG emission coefficient of crop processing (Table 3 ). The i and j represent type of livestock and feedstuff, respectively. Methane emissions from enteric fermentationwere calculated using equation (7) of the Tier 1 methodologies of IPCC (2006). (7) Where, TCH4Enteric,EFi, N(i), and i represent total methane emissions from enteric fermentation (kg CO2 -eq/year), methane emission factor of livestock (Table 3) , number of head of livestock species i, category of livestock, respectively. In particular, methane emissions from chicken were not calculated due to insufficient data (IPCC, 2006) . Methane emissions from manure management were calculated using equation (8) 
Where, TCH4Manure, EFi, N(i), i represent total methane emissions from manure management (kg CO2-eq/year), methane emission factor from manure management of livestock (Table 3) , number of head of livestock species i, category of livestock, respectively. The N2O emissions from manure management through direct and indirect emission sources were calculated using equation (9) 
Where, TN2OManure, N(i ), Nex(i) , MS(i, S) , EFD(S), S, i, 44/28, 298, FracGasMS, EFI(S) represent total N2O emissions from manure management (kg CO2-eq/year), number of head of livestock species i, annual average N excretion per head of species i (kg N /head/year), fraction of total annual nitrogen excretion for each livestock species i that is managed in manure management system S, emission factors for direct N2O emissions from manure management system S (kg N2O-N/kg N) in manure management system S, manure management system, conversion of (N2O-N)(mm) emissions to N2O(mm) emissions, global warming potential, percent of managed manure nitrogen for livestock category T that volatilises as NH3 and NOx in the manure management system S ( %), emission factor for indirect N2O emissions from manure management system S (kg N2O-N/kg N) in manure management system S, respectively. In brief, Zhouet al. (2007) reported N2O emissions from manure management including direct and indirect N2O emissions in China were calculated using equation (10) based on the Tier 1 methodologies of IPCC (2006). (10) Where, TN2OManure, EFi, and i represent total N2O emissions from manure management (kg CO2-eq/head/year), emission factor of livestock (Table 3) , and category of livestock, respectively.
Calculation of GHG emissions for agricultural products:
Total GHG emission associated with production of per Chinese Yuan (¥, Chinese currency) of crop or livestock product was calculated using equation (11). (11) Where, TGHGRMB,
and n respectively represent total GHG emissions (kg C2O-eq/¥), total GHG emissions (kg CO2-eq), yield of products (kg), price of products (¥), and product category, respectively. All prices of products were based on the market price indexes of these products in 2016, with the product price indices before 2016 being converted to the standard in 2016.
Statistical analyses:
The statistical programme used in the present research was Genstat16.0 (16 th edition; VSN International Ltd, UK). The differences in yield, GHG emissions per unit products and costs from the 3 contracting production systems in the regions (Hexi Oasis, Loess Plateau and Qinling Bashan Mountains) during the period of 2012 to 2016 were analysed using Linear Mixed Models with the 3 regions fitted as the fixed effect and year and county as random effects. Data of predicted means, standard error of differences and the level of different significance were calculated using internal algorithm of programme, respectively. The temporal variations in GHG emissions from 1991 to 2016 among the 3 contracting production systems in the 3 regions were also evaluated using the chart presentation.
RESULTS

Crop and livestock production:
The results of crop and livestock production from 2012 to 2016 are presented in Table 4 . The yields (kg DM/ha) of maize, foxtail millet, soybean, potato, flaxseed, rapeseed, sunflower seed in the intensive production system in Hexi Oasis were significantly 4 4 ( ) 1
28
higher than those in other two regions (P< 0.001). Hexi Oasis also had higher yield of spring wheat (P<0.001) than Loess Plateau. For livestock production, there were no significant differences in production systems among the three regions. Greenhouse gas emissions from crop production: The GHG emission factors for crop production from 2012 to 2016 are presented in Table 5 . The GHG emissions per kg DM of products of spring wheat (P< 0.001), maize (P< 0.001), soybean (P< 0.05), potato (P< 0.001) and flaxseed (P< 0.001) in Loess Plateau were significantly higher than in Hexi Oasis. Loess Plateau also had higher GHG emission factors for production of winter wheat (P< 0.001), maize (P< 0.001), sorghum (P< 0.001), foxtail millet (P< 0.001), flaxseed (P< 0.001), and sunflower seed (P< 0.001) than in Qinglin Bashann Mountains. The GHG for potato production in Hexi Oasis was lower than in Qinglin Bashann Mountains (P< 0.001).
There was a tendency increase in GHG emission factors for crop production in the 3 regions from 1991 to 2016 (Fig. 2) . For example, GHG emissions per kg DM of potato (Fig. 2a) , rapeseed ( Fig. 2b) and maize ( Fig. 2c ) production increased gradually from 1991 to 2016. The annual GHG emissions associated with potato production in Hexi Oasis during the period of 1991 to 2016 were lower than in other two regions (Fig. 2a) , while the corresponding data for maize production in Loess Plateau were higher than in other two regions (Fig. 2c) . Table 5 . Production of 1 kg CW of beef in Loess Plateau resulted in significantly lower GHG emissions than in other two regions (P< 0.001). However, there was no significant difference in GHG emission factors for production of lamb or pig CW among the 3 regions. There was a tendency of decrease in GHG emission factors from livestock production in the 3 regions from 1991 to (Fig. 3) . For example, GHG emissions per kg of CW of pig (Fig. 3a) , beef cattle ( Fig. 3b) and sheep ( Figure 3c ) production decreased gradually from 1991 to 2016. Qinling Bashan Mountains had a higher GHG emission rate per kg of lamb CW from 1991 to 2006 than other 2 regions (Fig.  3c ). Greenhouse gas emissions from whole agricultural production systems: The GHG emissions per Chinese Yuan (¥) of agricultural products from 2012 to 2016 are presented in Table 6 . The GHG emissions per ¥ of crop or crop plus livestock product in Qinling Bashan Mountains were lower than in Hexi Oasi and Loess Plateau (P< 0.001), while the differences between the latter 2 regions were not significant. However, there were no differences in GHG emissions per ¥ of livestock product among the 3 regions.
There was a tendency of decrease in GHG emission factors for production of 1 ¥ of products of crop, livestock or crop plus livestock in the 3 regions from 1991 to 2016 (Fig. 4) . During this period, GHG emissions per ¥ of crop product (kg CO2-eq/¥) reduced from 0.36 to 0.26 in Hexi Oasis, 0.36 to 0.22 in Loess Plateau and 0.28 to 0.12 in Qinling -Bashan Mountains (Fig. 4a) . Similar results for livestock production were also observed ( 
DISCUSSION
Greenhouse gas emissions from crop production: The GHG emission factors for crop production can be influenced by variations in farm input and output capacities including crop yield, environment conditions, production systems, management regimes, fuel and electricity input, etc. Therefore, it is very difficult to make direct comparisons in GHG emission factors for certain crop production among countries. Even within China, our GHG emission factors for winter wheat, maize and rice are much higher than those (0.44, 0.29, 0.62 kg CO2-eq/kg products, respectively) estimated using LCA by Zenget al. (2012) in Ningxia Hui Autonomous Region of China, a province north of Gansu Province. The difference could, however, be partially attributed to the methodology used by Zeng et al. (2012) which did not take account of soil N2O emissions for all 3 crops and paddy field CH4 emissions for rice production. However, the present GHG emission factors for some crop products are comparable to those published elsewhere. For example, our emission factor for potato production is closed to that (0.44 vs. 0.50 kg CO2-eq/ kg DM) in the UK (Audsley and Wilkinson, 2014) ; for rapeseed production is similar to that (0.57 vs. 0.61 kg CO2-eq/ kg DM) in Germany (Feltenet al., 2013) ; for sugar beet production is close to that (0.14 vs. 0.15 kg CO2-eq/ kg DM) in Iran (Yousefiet al., 2014) . Nevertheless, our GHG emission factor for spring wheat production is higher than that (0.50 vs. 0.357 kg CO2-eq/ kg DM) in Canada (Pandey and Agrawal, 2014) , and for sunflower seed production is higher than those (0.75-1.38 vs. 0.47 kg CO2-eq/kg DM) in Chile (Iriarte and Villalobos, 2013) . As indicated previously, the differences in weather condition and water resource significantly influence the crop production in Gansu Province of China. Hexi Oasis has rich underground water and sunny/warm weather from late spring to early autumn, so it adopts a high input/output system with the highest crop yields and farm inputs (e.g., fertilizers, electricity and diesel consumption) in Gansu Province. Although farm inputs in Loess Plateau were much higher than in Qinling Bashan Mountains from 1991 to 2016, there were no significantly differences in crop yields between the 2 regions. The crop production in Loess Plateau depends on natural rainfall, so crop yields in this region varied considerably during the last 25 years. These conditions significantly influenced GHG emission factors for crop production among the 3 regions in Gansu Province selected for the present study. For example, the average yields of maize and potato from 2012 to 2016 in Hexi Oasis were significantly higher than those in Loess Plateau and Qinling Bashan Mountains, so the GHG emission factors of these crops (CO2-eq/DM of product (kg/kg)) in Hexi Oasis were lower than that in other 2 regions. The GHG emission factor per ¥ for crop production not only relates to the GHG emissions for crop production, but also relies on the price index. There was a large variation in crop product prices in Gansu Province of China from 1991 to 2016. For example, the price of agricultural products in China in 1996 rose 90.8% compared to that in 1992 (SONBSA, 2008) . This change plus other factors resulted in a dramatic decrease in GHG emission factors in the 3 regions selected in the present study from 1991 to 1996 (Figure 4 ). In general, the growth rate of total income per farm was higher than that of farm inputs. Therefore, the GHG emissions per ¥ for crop production decreased gradually from 1991 to 2016. The largest contribution source to GHG emission factors was from the fertilizer input, which accounted for 73% to 91% of total emissions in the crop production. This contribution in Gansu Province was much higher than the average level of 57% in China (Cheng et al., 2011 ).Hillieret al. (2009 reported that GHG emissions derived from nitrogen fertilizer input accounted for more than 75% in primary crop production in the UK. Mohammadiet al. (2014) reported that fertilizer and biocide inputs were primary sources for CO2 and N2O emissions for crop production in north Iran. According to official reports (EBGREY, 1992 (EBGREY, -2000 EBGRY, 2001 EBGRY, -2017 , fertilizer inputs and crop yields in the 3 regions selected in the present study increased gradually from 1991 to 2016. However, with increasing inputs of other sources, e.g., pesticide, diesel, electricity and plastic film, the annual growth rate of crop yield was lower than that of GHG emissions from 1991 to 2016. As shown in Figure 2 , GHG emissions per kg of crop product (e.g., potato, rapeseed, maize) gradually increased from 1991 to 2016. Thus, increasing the efficiency of utilisation of fertilisers or/and use of alternative fertilizers (e.g., livestock manure) is an important step towards to development of a low GHG emission and sustainable crop production. Greenhouse gas emissions from livestock production: Our GHG emission factors for livestock production are comparable to those published elsewhere. For example, our emission factor for pork production is similar to that (4.67-4.73 vs. 4.66 kg CO2-eq /kg pork) recommended by FAO (FAO, 2013) . Our beef emission factors (24.98-26.74 kg CO2-eq /kg beef) are within the range (23.10 -29.l7 CO2-eq/kg beef) reported by Mogensenet al. (2015) in USA. The present average lamb emission factor (9.51 kg CO2-eq/kg lamb) is marginally above the high end of range for lamb production (9.3 CO2-eq/kg lamb) in Australia (Harrison et al., 2014) . However, the present GHG emission factors for beef, pork and chicken production in Gansu Province are much higher than the average values in China (20.51, 4.24 and 2.24 kg CO2-eq/kg CW) reported by Huanget al. (2015) using the carbon footprint assessment method within farmgate. The livestock production systems in Gansu Province of China are different from developed countries in the world, in terms of livestock breed, productivity, feed sources, feeding regime and management systems. In Gansu Province, the majority of beef cattle, sheep and poultry production is managed under the free-range feeding regime with low inputs and low production levels. For example, beef cattle in Gansu Province are not the breed selected for beef production but originated as draft animals for ploughing crop field. With the improvement in levels of livestock production from 1991 to 2016, the GHG emission factors for livestock products decreased slowly in the 3 regions of the present study (Figure 4) . This led to a tendency of decreased GHG emissions per ¥ of livestock products in the 3 regions during the same period. In accordance with the results of Zhouet al.
(2007) and Xueet al. (2014) , the present study also found that the contribution of methane emissions from enteric fermentation increased gradually from 1991 to 2016. This contribution is of course mainly from ruminant animals (e.g., cattle and sheep) because pigs and poultry have much smaller methane rates from enteric methane emissions (IPCC, 2006) . Livestock animals can consume feeds which are not suitable or less favourable as human food, especially cattle and sheep which can convert forage into high protein food (meat and milk) for human consumption. This places Gansu Province in a favourite position in China, because Gansu Province has relatively much more grassland resources than Provinces in eastern and southern China. Therefore, it is necessary to change the present agricultural structure in Gansu Province through increasing the rate of livestock farming in the whole agriculture production systems (Ren et al., 2009) . Uncertainty of GHG emissions assessment: Many factors could add weights to the uncertainty of the present assessment of GHG emissions from typical agricultural production systems in Gansu Province. Firstly, although the five counties selected from each region were typical of the production system in the region, these five counties might not fully cover all variations in crop and livestock production systems within each region. Secondly, the official data collection system in China might not be as good as that in developed country (Xue et al., 2014) . For example, there was no detailed information on farm inputs (e.g., N fertiliser) for each crop production in the statistical yearbooks, the allocation coefficient for farm inputs for each crop production was calculated in the present study using data collected from the farm surveys. In addition, the emission factors for P and K fertilizers and pesticides in China were estimated using those reported by Cheng et al. (2011) and Zeng et al. (2012) which originated from other countries. The use of the Tier 1 method proposed by IPCC (2006) also added uncertainty to present emission factors for livestock production, because this method does not take account of the effects of animal and diet factors on enteric methane emissions. In a long term period, CO2 emissions from soil on a global scale were estimated to contribute less than 1% to the GWP of agriculture (Lianget al., 2013) . Therefore, carbon dynamic and CO2 emissions from soil were not considered in whole crop systems in the present study. To sum it up, although above uncertainties might add errors to the present estimation of GHG emissions in the 3 regions of Gansu Province in China, our results could provide benchmark information for the Chinese government to develop appropriate policies to reduce GHG emissions from crop and livestock production in northwest of China. However, further improvement is required in future to upgrade the current evaluation of GHG emissions from agricultural production systems in Gansu Province.
Conclusion:
A range of models were developed in the present study using the life cycle assessment technique. These models were used to evaluate the differences in GHG emission factors for crop and livestock production from 3 contrasting integrated crop and livestock production systems in Gansu Province of China. The statistical analysis of data from 2012 to 2016 indicated that various farming inputs and conditions (e.g., weather, soil type and landscape) had significant impacts on GHG emission factors for producing 1 kg DM products of maize and flaxseed and 1 kg of beef carcass. The evaluation of the temporal variations revealed that GHG emissions per kg DM of maize, rapeseed and potato production across the 3 production systems gradually increased from 1991 to 2016, while GHG emission factors per kg carcass of pork, beef and lamb gradually decreased during the same period. Although a range of uncertainties might influence the accuracy for calculation of these emission factors, the present data could provide the benchmark information for Chinese authorities to make informed decisions for mitigation of GHG emissions from contrasting agricultural production systems in northwest China.
